INTRODUCTION
The Angiotensin-converting enzyme (ACE) 1 isoform is expressed exclusively in late pachytene spermatocytes (7) . The overall sequence homology between isoforms across mammalian species is 80-90%.
Expression in such diverse tissue types evokes a broader, modern view of ACE as a physiological mediator of multiple regulatory processes.
This concept was illustrated in ACE deficient mice which suffer from gross kidney structural abnormalities, altered vascular wall architecture, electrolyte imbalance and male infertility (8) (9) (10) . The fertility defect was by guest on September 1, 2017 http://www.jbc.org/
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Physiological Non-equivalence of the Two ACE Isoforms -5/26/2000 4 due to poor sperm migration through the oviduct and failure to bind and penetrate the zona pellucida. However, there was no fertility defect in angiotensinogen knockout mice. Taken together, these results suggest that gACE may hydrolyze an oviduct or ovum-specific substrate (11) . The absolute requirement for ACE expression was demonstrated in Drosophila in which two unique genes encode alternatively expressed ACE-like isozymes, AnCE and Acer (12) . Two embryonic lethal mutants have mapped to the AnCE gene locus and heteroallelic combinations of these two mutations produced sterile male progeny (13) .
Transcription initiations of gACE and sACE mRNAs occur at two alternative sites within the same gene. The gACE-specific sequences are spliced out of the mature sACE transcript while the gACE transcription initiates within an intron of the sACE transcription unit (2, 3, 6) . As a result, the two proteins contain 665 common residues at their carboxyl termini whereas at the amino termini, sACE and gACE contain 664 unique residues and 72 unique residues, respectively (14) . Both ACE isoforms are type I ectoproteins that are anchored in the plasma membrane through hydrophobic regions present near their carboxy termini. In addition, a soluble form of the sACE protein containing the extracellular domain is by guest on September 1, 2017 http://www.jbc.org/
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Both isozymes share a common catalytic center located in the identical carboxyl terminal domains. As expected, the enzymatic properties of the gACE and carboxy domain of sACE are very similar owing to the common sequence shared by both isozymes (18) (19) (20) (21) . In contrast, sACE contains another catalytic center in its unique amino terminal domain (8, 19) . Although both domains of sACE contain the same zinc-binding motif (His-Glu-X-Y-His), the amino-terminal active site cleaves LHRH thirty times faster and the hematopoietic peptide N-acetylSer-Gly-Lys-Pro forty times faster than the C-terminal active site (18, 22) .
Similar substrate preferences were observed for the AnCE and Acer proteins (12, 23) .
The evolutionary conservation of the two isoforms of ACE indicates that both are functionally indispensable (6) . Moreover, their tissuespecific expression suggests that the specific physiological function of an isoform requires its expression in the correct tissue, a concept that was experimentally supported by our observation that gACE expression in sperm alone is sufficient for maintaining male fertility (24 hours, each band was quantitated using ImageQuant analysis software.
Copy number and transgene homozygosity was determined by normalizing the transgene signal to the corresponding mouse ACE signal.
Western Blot and Immunoprecipitated ACE Enzyme Assay-Tissues
isolated from age-matched adult mice were homogenized in ACE lysis buffer as described (19) . All Line A, C and D extracts (100µg) were electrophoresed on an 8% SDS-PAGE then transferred to Immobilon-P (Millipore). Membranes were probed with the goat anti-rabbit ACE polyclonal antisera #447 (17) as described previously (24) .
The immunoprecipitation ACE enzyme assay was performed by incubating 200 µg of tissue extract with antisera #447 diluted 1:150 in enzyme assay that measures the cleavage of His-Leu from Hip-His-Leu was performed on the rabbit ACE tethered to the agarose beads (19) . 
Quantitation of Rabbit ACE Expression-

RESULTS
Construction of the sACE Transgene-
The full length rabbit sACE cDNA was assembled in the pCDNA3 vector by joining a 177 bp ACE genomic fragment, (3), to a large fragment of the sACE cDNA that was generated by HiFidelity RT-PCR (Fig. 1A) . Verification of full-length sACE expression was demonstrated by an in vitro transcription and translation assay (Fig.   1B ). The in vitro translated sACE was enzymatically active in the standard ACE enzyme analysis that measures the cleavage of Hip-His-Leu to His-Leu (data not shown) (19) . Expression of rabbit sACE in vivo was measured following transient transfection into HT1080 cells and sACE-expressing opossum proximal kidney tubule (OPK) cells. Again, 140 kDa, enzymatically active rabbit sACE was produced (Fig 1 C&D) . Verification of the species specificity of the antisera was also observed. The goat antirabbit ACE antisera did not detect sACE in whole mouse lung (Fig. 1C ).
With these results, the 515 bp human pgk2 promoter, previously shown to direct sperm specific transgene expression in mice (24), was substituted for the CMV promoter in the CMV-sACE-BGHpA construct to generate the pgk2-sACE-BGHpA (Ps) transgene (Fig. 2) . (Fig. 2) . Because all testes contain both gACE, expressed on the sperm and sACE, expressed in the vasculature and somatic Leydig cells, we needed to quickly determine which founders expressed enzymatically active, transgene encoded sACE in sperm. We devised an immunoprecipitation procedure in order to selectively immunoprecipitate the transgenic rabbit ACE away from the endogenous murine ACE. Equal quantities of whole testicular extracts from transgenic and non-transgenic, age-matched mice were incubated with the rabbit ACE specific antisera raised in goat prior to immunoprecipitation with anti-goat antibody conjugated latex beads.
Testis-specific Expression of Enzymatically
Following several washes, the standard ACE enzyme assay, measuring HipHis-Leu cleavage, was performed on the rabbit ACE tethered to the beads.
Mice from Line A and Line C both expressed enzymatically active sACE while Line D failed to express active ACE when compared to nontransgenic, age matched males (Fig. 4A) . Though line D produced a protein which was recognized by the anti-ACE antisera (Fig. 3A) , it was not of correct molecular mass nor was it enzymatically active. No further experimentation was performed with mice from Line D and Line C mice.
Mice from Line A were used exclusively for all further analysis.
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We wanted to compare the levels of gACE expression in the sperm of ACE +/-mice with the corresponding level of the transgenic sACE expression in the ACE -/-, Ps +/-mice to ensure that enough of the transgenic protein was being expressed. Because an ACE-antiserum that reacts with both rabbit and mouse ACE with equal avidity was not available, we used an in situ ligand binding assay (28) . In this assay, a radio-labeled Ang I analog (351A) was bound to testis sections and bound radioactivity was quantitated by Phosphorimager analysis. The assay revealed that about 70-fold more probe was bound to a testis section of an ACE -/-,Ps +/-mouse than to a corresponding section of an ACE +/-mouse (Fig. 4B ) . Thus, the transgenic protein was expressed to a much higher level than the level of the natural proteins.
Histology of the Kidney and the Testis-As previously reported for
C57Bl/6 mice, in FVB ACE -/-mice, there was no observable distortion or abnormality of the testes architecture as revealed by hematoxylin and eosin staining (not shown) (8, 11) . Consequently, the overall histology of a testes section from an ACE -/-, Ps +/-mouse was indistinguishable from that of an ACE +/+ mouse (Fig. 5A 1&2) . In contrast, the same was not true for the kidney. Compared to the kidney of a wild-type mouse, the 
Effect of Transgene Expression on the Fertility Status of Male Mice-
Previously, we reported that the pgk2 promoter driven, sperm-specific expression of rabbit gACE restored fertility in an ACE -/-mouse. However, the mice from that study were of mixed background due to the crossing of the C57Bl/6 strain, harboring the ACE -/-allele, with the FVB strain, harboring the pgk2-gACE transgene (24) . To verify that the same results were true for pure FVB strain, we assessed the fertility of male ACE -/-, Pg +/-mice in a syngeneic FVB background (Fig. 6) . Fertility was restored to the ACE -/-male that expresses rabbit gACE on the sperm. Thus, the FVB background could be used for testing the fertility effects of sACE expression in sperm.
Having established that sufficient levels of enzymatically active, surface bound sACE were produced by Ps +/-sperm, a mating scheme was employed to test the ability of the transgene to complement the ACE -/-mutant phenotype. Figure 6 presents mating outcomes from three adult males (ACE -/-, Ps +/-) and one adult male (ACE -/-, Ps +/+). All were Line A males mated with six separate wild-type adult females. The mice were mated for 10 days or the equivalent of two estrous cycles. All females were plugged within the 10 day mating period but produced no offspring.
Following a twenty-two day gestational waiting period, the same females were mated for another 10 days with an ACE +/-, non-transgenic agematched male to prove female fertility. In all of the ACE deficient mice expressing sACE on the sperm, none sired pups demonstrating the lack of ability of sACE to provide fertility functions. The expression of the sACE transgene did not interfere with the function of endogenous gACE. Males with ACE -/-mice, experimental mice expressing gACE only in sperm were produced. Those male mice were fertile but they still maintained the other defects of the ACE -/-mice (24).
In the current study, we have exploited the above experimental approach to examine the physiological reciprocity between the two isozymes of ACE. Because the genetic background of a mouse influences its physiological properties, such as blood pressure and litter size, we decided to conduct this series of experiments with mice of syngeneic background. For this purpose, the ACE -/-genotype was transferred from the C57Bl/6 strain to FVB strain, the strain of choice, by repeated backcrossing. The transgenic mice were also generated in the FVB background. As a result, mating of the transgenic and the knockout mice produced offspring of the same genetic background. The above experimental system was used in the current study to inquire whether sACE, if exclusively expressed in sperm, can substitute for gACE in supporting male fertility.
Structurally, sACE contains all of gACE except the 72 residues at its amino terminus (14) . Thus, the carboxy terminal active center is completely conserved between the two proteins and in vitro, they cleave Transgene expressed sACE was visualized as described in (A) above. Bl, blood; Br, brain; H, heart; K, kidney; Li, liver; Lu, lung; Sp, spleen; T, testes. 
